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ABSTRACT
Currently, the construction audit process is manual and as a result may yield inferior
quality assurance data collection and report generation. Such an approach may lead to a
construction project having poor quality. To address such challenges, techniques are
presented herein that leverage satellites and their telemetry data. Aspects of the presented
techniques support the remote auditing of construction quality and aid in completing the
‘detective work’ behind fraudulent construction claims (based on different construction
parameters, the composition of the materials that are employed during construction, etc.).
Further aspects of the presented techniques support estimating the ceiling life of a
construction project; augmenting hyperspectral analysis with regular satellite imagery, thus
creating a new view that helps to identify the composition of construction materials, the
dimensions of a construction project, etc.; and the automatic generation of audit reports.
Aspects of the presented techniques may be employed in a number of use cases including,
for example, road quality determination, rooftop quality determination, public
infrastructure (such as metro rail, etc.) quality determination, etc.
DETAILED DESCRIPTION
It is frequently the case that the first heavy rain showers leave behind kilometers of
potholed roads. Currently, the construction audit process is manual. For example, a
contractor may build a stretch of road with a good composition just for auditing, with the
auditors guided to collect data from that patch, leaving the balance of the road not in
agreement with contract terms. This leads to inferior quality assurance data collection and
report generation. The lack of quality assurance tools is a major reason for poor quality
roads.
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Satellites are used for achieving various objectives such as remote sensing, weather
detection, predictions, etc. While there are many uses for satellites, there is one particular
use of satellites that is novel – i.e., auditing the quality of road, building, public or private
infrastructure, etc. construction projects.
Accordingly, techniques are presented herein that support an infrastructure that
encompasses using satellite image telemetry for the remote auditing of construction quality
and the estimating of the longevity of a construction project.
Aspects of the presented techniques audit and detect the construction quality of an
infrastructure project (such as roads, buildings, etc.) and estimate the life of the project
based on the defined construction parameters and the composition of the materials that are
employed during construction.
Using techniques including hyperspectral analysis, composition explorer, and
specific cameras (e.g., a high-resolution camera, a terrain mapping camera, etc.) it is
possible to identify, among other things, the physical parameters of a construction project
(such as length, breadth, height (e.g., x-axis, y-axis, and z-axis coordinates), etc.) and
(through spectral analysis) the composition of the material that is employed in a road,
building, public or private infrastructure, etc. project.
A system according to the techniques presented herein may comprise four main
components – an input database (i.e., an audit parameters database), baseline spectral
images (i.e., the baseline spectral images for composition analysis), satellite spectral
analysis (i.e., the spectral images that are captured for an area that is under audit), and audit
report generation (i.e., the reports which are generated based on the requested parameters
of an audit).
Figure 1, below, depicts the different components that were described above and
illustrates elements of an exemplary system flow according to aspects of the techniques
presented herein.
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Figure 1: Main Components and Exemplary Flow
Aspects of the techniques presented herein may be further explicated with reference
to an exemplary sequence of operations.
Under a first step, from the composition of the construction material, and its
respective spectral image analysis, a baseline may be determined based on the different
parameters that are depicted in Figure 2, below.

Figure 2: Exemplary Parameters
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As illustrated in Figure 2, above, the different parameters that may be considered
include an energy or illumination source (which is identified in the figure as element A and
which may comprise the sun, the moon, a lamp, etc.), radiation and atmospheric
characteristics (which are identified in the figure as element B and which may comprise an
air quality index, humidity levels, etc.), and the composition of a target (which is identified
in the figure as element C and which may comprise the material used).
Employing the above parameters, it is possible to determine the expected
reflectance index of the different reflected wavelengths that match the composition of the
material. Such a reflectance index may be calculated for multiple mixtures of the target
material (e.g., for different percentages of ingredients).
Based on the above inputs and outputs, it is possible to create self-learning models
incorporating (with reference to Figure 2, above) recording by a sensor (which is identified
in the figure as element D and which may comprise input parameter collection);
transmission, reception, and processing (which is identified in the figure as element E)
where at a ground station, based on the telemetry data that is received from a satellite, it is
possible to perform spectral imaging; interpretation and analysis (which is identified in the
figure as element F and which may comprise composition analysis); and an application
(which is identified in the figure as element G and which may comprise machine learning
(ML) models).
Under a second step, audit parameters may be determined based on, for example,
the terms of a construction contract. Such parameters may include a length, breadth, and
height (e.g., x-axis, y-axis, and z-axis coordinates); geospatial coordinates for the
construction project; the composition of the construction materials; etc.
Under a third step, a satellite may be employed to focus on a construction project,
or on part of a construction project, based on the audit parameters from Step 2. This may
be done once the construction project is completed or during the construction period.
Satellite images and spectral images may be generated for the focused area that is under
audit. Figure 3, below, depicts elements of such an approach.
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Figure 3: Illustrative Satellite Focusing on Construction Project
Figure 4, below, depicts further elements of the approach that was described above.

Figure 4: Exemplary Satellite Focusing Characteristics
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Under a fourth step, the data that was generated during Step 3 may be compared
against the audit parameters (as defined in Step 2) and the baseline composition spectrum
analysis (as defined in Step 1). Figure 5, below, depicts elements of such an approach.

Figure 5: Exemplary Satellite Imagery
Figure 6, below, depicts further elements the approach that was described above.

Figure 6: Exemplary Satellite Imagery
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Under a fifth step, audit reports may be generated using the physical parameters
and the spectral image analysis that was described above. The audit results may be shared
with subscribed entities who may then take action based on the results.
Different entities may use the information that was described above to confirm in
real time whether a number of parameters are being met, thus saving time and effort. Such
parameters may include whether a length, breadth, and height (e.g., x-axis, y-axis, and zaxis coordinates) are matching the requirements; whether the geospatial coordinates of a
construction project are matching the requirements; whether the composition of the
construction materials are matching the requirements in order to determine the quality and
longevity of the construction; the estimated or predicted life of the construction project;
etc.
Additionally, the techniques presented herein (as described and illustrated above)
may be used at pre-defined intervals to obtain details, identify any changes, etc. and can
thus aid in the monitoring and maintenance of a construction entity. Aspects of the
techniques presented herein may be employed in a number of use cases. Such use cases
may include road quality determination, rooftop quality determination, public
infrastructure (such as metro rail, etc.) quality determination, etc.
As described an illustrated in the narrative that was presented above, the techniques
presented herein employ satellite telemetry for the remote auditing of infrastructure
elements, support a methodology that uses spectral and composition analysis for generating
audit reports, and may be used to predict the quality and the longevity of a construction
project.
In particular, aspects of the presented techniques support augmenting hyperspectral
analysis with regular satellite imagery, thus creating a new view that helps to identify the
composition of construction materials and identify the dimensions of a construction project
Further, aspects of the presented techniques support the automatic generation of
audit reports (based on, for example, spectral and composition analysis) for the real-time
quality assurance of a construction project and the prediction of the longevity of a
construction project.
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According to aspects of the techniques presented herein, through the use of
satellites spectral libraries may be created containing spectral samples of surfaces, with
high spectral detail, which may depict surface characteristics and the quality of the surfaces.
Such libraries may form a baseline for roads, an infrastructure, etc. A similar set of spectral
images may be captured for an intended target and then compared to the baseline to aid in
the derivation of audit reports encompassing metrics such as longevity, quality, etc.
In summary, techniques have been presented that leverage satellites and their
telemetry data. Aspects of the presented techniques support the remote auditing of
construction quality and aid in completing the ‘detective work’ behind fraudulent
construction claims (based on different construction parameters, the composition of the
materials that are employed during construction, etc.). Further aspects of the presented
techniques support estimating the ceiling life of a construction project; augmenting
hyperspectral analysis with regular satellite imagery, thus creating a new view that helps
to identify the composition of construction materials, the dimensions of a construction
project, etc.; and the automatic generation of audit reports. Aspects of the presented
techniques may be employed in a number of use cases including, for example, road quality
determination, rooftop quality determination, public infrastructure (such as metro rail, etc.)
quality determination, etc.
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